A long-term photometric monitoring of a selected sample of solar analogues has been carried out since early nineties as part of The Sun in time project, which is aimed at a multiwavelength study of stars with solar-like global properties, but with different ages and thus at different stages of their evolution. The extended time sequence of ground-based observations collected over more than a decade as part of this program has revealed the existence of starspot cycles. Also from these data it is possible to investigate surface differential rotation of the stars. In this paper we present the photometry collected to date and report on cycles search for a selected subsample of five young single G0-G5V stars with ages between 130 Myr and 700 Myr: EK Dra, π 1 UMa, HN Peg, k 1 Cet and BE Cet. Also we include in this study the Pleiades-age ( 130 Myr) K0V star DX Leo (HD 82443). All the cited stars show activity cycles whose period is, furthermore, the first determined from photometric data. They are compared to those activity cycles derived from CaII H&K emission fluxes and differences are discussed. All the cycle periods, except for EK Dra, fit well the empirical relations with global stellar parameters derived from larger stellar samples. The following results are also inferred from the present study: i) the fastest rotating stars tend to have longer cycles; ii) the range in the observed cycle lengths seems to converge with stellar age from a maximum dispersion around the Pleiades' age towards the solar cycle value at the Sun's age; iii) the overall short-and long-term photometric variability increases with inverse Rossby number with very high correlation degree, indicating that the level of magnetic activity at least in photosphere is still controlled by the stellar rotation even on the longest time scales; iiii) the increase with inverse Rossby number of the long-term overall photometric variability seems to level off at the highest rotation rate, which may be interpreted as due to a saturation in the level of photospheric magnetic activity around the activity maximum.
Introduction
Solar analogues, that is stars having global stellar properties (e.g. mass, T eff and L/L ) similar to those of the Sun, but having different ages, are suitable to study the time evolution of the Sun's magnetic activity. With this aim The Sun in time project was started in 1990 (Dorren & Guinan 1994 ), a coordinated multiwavelength study of nearby, single, solartype stars selected as proxies for the Sun at several stages in its evolution from the ZAMS (Zero Age Main Sequence) to the TAMS (Terminal Age Main Sequence). The observations include ground-based photoelectric photometry, UV, EUVE, and X-ray measurements. The aim of the project is to determine the evolution of the stellar atmosphere and to investigate activity cycles and differential rotation. The aim also includes a description of the evolution of the solar dynamo and solar magnetic activity and the extraction of the solar UV and X-ray fluxes through the Sun's post-ZAMS history (Dorren & Guinan 1994; Guinan et al. 2001) .
In the recent years the time sequences of photometric measurements collected within the program have become long enough to allow the study of the photospheric activity on a time basis comparable to the 11-yr solar cycle. Our investigation is presently focused on a first subsample of six stars selected from the whole sample: BE Cet, k 1 Cet, π 1 UMa, EK Dra, HN Peg and DX Leo (see Table 1 ). In a series of two papers we will present the long-term photometry collected to date and the results obtained on activity cycles and the latitudinal differential rotation. The first paper of this series actually concerns the starspot cycles.
In the framework of the solar-stellar connection the study of long-term behaviour of magnetic activity in solar-like stars is important to better understand the solar dynamo mechanism which is thought to be at the basis of the overall solar magnetic activity. The availability of a sample of solar analogues selected at different stages of their evolution enables us to infer accurate and unbiased empirical relations between activity quantities, which in this context are the presence, length and amplitude of cycles and stellar properties such as rotation, age and convective envelope depth. The exclusion from the selected sample of binaries or multiple systems and of out-of main-sequence stars eliminates the problem of unknown dependencies on tidal interaction and on out-of main-sequence convective envelope properties which may play a relevant role in the resulting magnetic activity properties. Such empirical relations are remarkably important being a valuable test for current dynamo theories. The use of tracers of photospheric activity in this study is also remarkably important since it allows us to investigate the evolution of the long-term activity up to the highest rotation rates and to investigate the temporal correlation of activity between the photosphere and the upper atmospheric layers.
The sample

HD 1835 = BE Cet
BE Cet (V = +6.36, B−V = +0.66, P rot 7.75 d ) is a G2 V single star with constant radial velocity V r = −2.6 km s −1 . On the basis of its galactic space-velocity components it is classified as a member of the Hyades moving group with an estimated age of 600 Myr. Its photometric variability with a period P = 7.655 d was discovered by Chugainov (1980) . BE Cet has been observed photometrically by a number of astronomers, Lockwood et al. (1997) , Cutispoto (1991 Cutispoto ( , 1992 Cutispoto ( , 1995 , Stepien & Geyer (1996) , Gaidos et al. (2000) and by the Hipparcos satellite (Perryman et al. 1997 ). BE Cet is among the stars observed at the Mt. Wilson Observatory as part of the CaII HK project. Its chromospheric CaII H&K emission fluxes vary with a cycle of P cyc = 9.1 yr (Baliunas et al. 1995) . Within The Sun in time project, it was observed by ROSAT PSPC as part of the Guest Observer program (Guedel et al. 1997 ).
HD 20630 = k
is a single G5 V star with constant radial velocity V r = +18.9 km s −1 . On the basis of rotation-age relationship (Guedel et al. 1997) , it is a likely member of the Hyades moving group with an estimated age of 750 Myr. Its photometric variability was first detected with a period of P = 9.09 d by the Hipparcos satellite. Since 1993 it has been photometrically monitored by Gaidos et al. (2000) . k 1 Cet has also variable CaII H&K emission fluxes with a cycle of P cyc = 5.6 yr and a longer-term trend (Baliunas et al. 1995) . Within The Sun in time project also k 1 Cet was observed by ROSAT PSPC and ASCA as part of Guest Observer program (Guedel et al. 1997 ). Also observations have been carried out with IUE, EUVE and more recently with FUSE (see Guinan et al. 2001) . Table 1 . Smaller symbols denote secondary cycles. Lines are the least-squares fits from Saar & Brandenburg (1999 . It is a member of the Ursa Major moving group with an estimated age of 300 Myr. Its photometric variability was discovered within the The Sun in time project (Guinan & McCook 1991) . It has been observed by Hipparcos and by Gaidos et al. (2000) . Preliminary results of the current photometric monitoring were presented by Bochanski et al. (2001) . π 1 UMa has variable CaII H&K emission fluxes but no apparent cyclic behaviour (Baliunas et al. 1995) . It was observed by ROSAT PSPC within the Guest Observer program (Guedel et al. 1997) . Also, as part of the The Sun in time project, observations have been made with IUE, EUVE and FUSE (see Guinan et al. 2001 ).
HD 129333 = EK Dra
EK Dra (V = +7.51, B − V = +0.61, P rot = 2.49 − 2.89 d ) is a G0 V star with constant radial velocity V r = −30.5 km s −1 (Wilson 1953) . On the basis of its galactic space-velocity components it is classified as a member of the Pleiades moving group with an estimated age of 130 Myr. Although it may be a member of a wide binary system (Duquennoy & Mayor 1994) , because of its very long orbital period ( 12.5 yr), it can be considered as a single star as concerns its magnetic activity. It has been observed photometrically by Dorren & Guinan (1994) , Lockwood et al. (1997) , Strassmeier et al. (1997 Strassmeier et al. ( , 1999 and by Hipparcos. EK Dra is reported by Baliunas et al. (1995) to be variable in the CaII H&K emission fluxes with a longterm trend but with no apparent periodicity. Within The Sun in time project it was observed by ROSAT PSPC, ASCA and EUVE as part of Guest Observer program (Guedel et al. 1997) which detected high levels of X-ray and EUV emission including numerous flares. More recently, EK Dra has been observed with HST, Chandra and FUSE as part of this project.
HD 206860 = HN Peg
HN Peg (V = +5.94, B−V = +0.59, P rot 4.64 d ) is a G0 V star with constant radial velocity V r = −17.0 km s −1 . On the basis of age-rotation relashionships, it is a likely member of the Ursa Major moving group with an estimated age of 300 Myr. Its photometric variability was discovered by Blanco et al. (1972 Blanco et al. ( , 1979 . It was photometrically observed by Reglero et al. (1986) , Frasca et al. (2000) , Gaidos et al. (2000) and Hipparcos. HN Peg has a CaII chromospheric cycle of P cyc = 6.2 yr and a longer-term trend (Baliunas et al. 1995) . Within The Sun in time project it was observed by ASCA as part of Guest Observer program (Guedel et al. 1997) and also with IUE and EUVE.
HD 82443 = DX Leo
DX Leo (V = +7.01, B − V = +0.76, P rot 5.42 d ) is a single K0 V star with constant radial velocity V r = +8.2 km s −1 . On the basis of its galactic space-velocity components it is classified as a member of the Pleiades moving group with an estimated age of 130 Myr. Its photometric variability was discovered as part of the The Sun in time project (Guinan & McCook 1991) . It has been observed photometrically by Henry et al. (1995) who first reported a period of P = 5.43 d . DX Leo has been observed also by Gaidos et al. (2000) , Strassmeier et al. (1997 Strassmeier et al. ( , 1999 and by Hipparcos. The presence of a starspot cycle and of surface differential rotation were first inferred by a previous study based on the first ten years of the current photometric monitoring . Within the HK project DX Leo was found to show a CaII chromospheric activity cycle of P cyc 2.8 yr (Baliunas et al. 1995) . 
Observations
New photometry
The new photoelectric observations presented in this paper were obtained, from 1988 through 2000, with three different Automatic Photoelectric Telescopes (APTs): a) the 0.25-m T1 Phoenix APT of Fairborn Observatory in southern Arizona and managed as multiuser telescope (Boyd et al. 1984; Seeds 1995) ; b) the 0.75-m T5 APT; c) the 0.75-m T6 APT telescopes both operated at the Fairborn Observatory (AZ, USA) for Villanova University, as part of the Four College Consortium 1 . The observations were made in the years from 1988 to 1989 by the 0.25-m Phoenix telescope equipped with standard Johnson UBV filters and feeding an uncooled 1P21 photomultiplier. In 1990 the program stars were transfered to the Fairborn T5 and T6 APTs equipped with standard UBV(RI) C filters matching the Johnson-Cousins system (Bessel 1990) and feeding temperature controlled EMI-9828 photomultipliers. EK Dra and HN Peg were observed with uvby filters matching the Strömgren system (Strömgren 1966) .
All the observations were made differentially with respect to suitable comparison (c) and check (ck) stars (Table 2) . Tensecond integrations were used in each filter and the observing sequence n-c- ck-c-v-v-c-s etc. , where the symbol v denotes the program star and n the bright navigation star, which is the first star of the sequence the APT searches. The sky background (s) was measured at a fixed position near each star.
The observations were corrected for sky-background and atmospheric extinction and the instrumental differential magnitudes were transformed into the standard photometric systems. Table 1 . Stellar properties for the program stars and for three additional stars not observed as part of The Sun in time project but with known photometric starspot cycles. The starspot cycle periods (P cyc ) for the program stars are listed with corresponding uncertainty (∆P) and falsealarm-probability (FAP). The labels are given to identify the stars in Fig. 1 and in Fig. 3 . b Oláh et al. (2000) .
The transformation into the standard system is made with an accuracy of the order of 0.01 mag in the V magnitude. No significant light variation was detected from the differential measures of comparison and check stars, indicating that the light of the comparison star is constant within about ±0.005 mag. Due to the relatively short duration of an observing sequence ( 20 min), the v−c values were averaged to obtain one single data point for each night. The typical standard deviation of the averaged V-band v−c magnitudes is of the order of 0.007 mag. The y magnitudes in the Strömgren system obtained for EK Dra and HN Peg were transformed into Johnson V magnitudes according to Olsen (1983) . Such transformation was necessary in order to compare our data with the historical V-band light curves from the literature.
Historical photometry
All the light curves available in the literature were collected and consistently analysed to investigate the variability on the longest possible time baselines.
In the following analysis we have considered only V-band light curves because they represent a more complete and homogeneous data set. The less numerous U, B, R, I (and u, v, b for EK Dra and HN Peg) light curves do not add any independent information for the cycle and surface differential rotation detection and analysis.
Differential photometry of each program star was obtained in the past sometimes using different comparison stars. When the same comparison star was employed, different values of its V-band standard magnitude were sometimes used to transform differential values into standard magnitudes. To obtain a homogeneous data set all the measurements from the literature were converted into differential values with respect to the same comparison star as listed in Table 2 . ∆y magnitudes were also converted into the Johnson V magnitudes according to Olsen (1983) . However, the conversion of ∆y to ∆V involved only a small correction. To guarantee that all the light curves be comparable with each other and with the newly presented photometry (hereafter referred to as Villanova photometry) we applied corrections to minimize the systematic differences among light curves observed at the same epoch. Such systematic differences never exceeded 0.015 mag and were applied to all the light curves from the same source. Finally, after having recalibrated all the measurements in a consistent way, the differential magnitudes were converted into the standard magnitude scale adopting for the comparison star the values of V comp in Table 2 . As a result of the procedure described above, we believe that the standard magnitude values of the whole photometric time series are consistent up to the 0.01 mag level.
The H p magnitudes of the Hipparcos satellite were transformed into Johnson V magnitudes using the H p − V versus V − I relation taken from Perryman et al. (1997) and adopting for each star the appropriate V −I value provided by Hipparcos.
High precision photoelectric photometry for all the program stars, except for EK Dra, was taken from Gaidos et al. (2000) . Photometry for BE Cet was taken from Stepien & Geyer (1996) and Cutispoto (1991 Cutispoto ( , 1992 Cutispoto ( , 1995 . For instance, we shifted the Stepien & Geyer's V-band data by +0.03 mag because we adopted for the comparison star of BE Cet the value of V comp = 6.87 given by Cutispoto (1991) . The photometry of DX Leo taken in the 1988-1998 period was already presented by Messina et al. (1999) . Additional photometry of DX Leo was taken from Strassmeier et al. (1997 Strassmeier et al. ( , 1999 .
Additional sources of photometry for EK Dra were Lockwood et al. (1997) and Strassmeier et al. (1997 Strassmeier et al. ( , 1999 . Photometry of HN Peg was retrieved from Blanco et al. (1979) , Reglero et al. (1986) and Frasca et al. (2000) . It is worth noting that the photometry obtained by Blanco et al. was shifted by ∆V = +0.03 mag according to updated magnitudes for the standard stars they used to transform differential measurements into absolute values.
Analysis
It proved possible to select for each program star several time intervals (see Table 3 to Table 7 ) along which the flux showed a regular modulation which could be attributed to the rotation of a stationary spot pattern on the photosphere of the star. In this way, 24 light curves were obtained for BE Cet, 18 for k 1 Cet, 35 for π 1 UMa, 92 for EK Dra, 12 for HN Peg and 53 for DX Leo. All the light curves have a good coverage in rotational phase and, therefore, provide a reliable indication of the star's maximum and minimum magnitude and of the peakto-peak amplitude at any given epoch. In several light curves, in spite of the good rotational phase coverage, data points are more clustered near to the light curve maximum or minimum. Consequently, the mean value between the maximum and minimum magnitudes (V max +V min )/2 differs from the mean brightness when computed by averaging all the magnitudes. We believe that the first quantity (represented by open diamonds in Fig. 4 to Fig. 9 ) more reliably indicates the mean star's brightness at any given epoch. We decided to analyse the sequence of mean magnitudes instead of the whole sequence of nightly data points, in spite of the decreased accuracy in the cycle length determination because of the much smaller number of data points considered.
For most stars the presence of starspot cycles can be seen just from a visual inspection. Nonetheless, a Scargle-Press period search routine (Scargle 1982 ) was applied to the whole sequence of mean magnitudes and all the stars were found to have well defined starspot cycles. The results of the periodogram analysis are reported in Table 1 where we report the cycle period (P cyc 1 ) and its uncertainty (∆P) (Col. 8), as derived by the method of Horne & Baliunas (1986) and the falsealarm-probability (FAP) of the peak frequency (Col. 9). This last quantity estimates the probability that a peak of that height could result from a similar sample of Gaussian noise with the same variance of the analysed data (cf. Horne & Baliunas 1986) .
A search for secondary periodicities was also performed by filtering the primary frequency modulation from the data and recomputing the periodogram for the residual data. The results are reported in Col. 10 of Table 1 . For all the stars, except for π 1 UMa, only noise remained in the power spectrum after filtering the primary frequency. In the case of π 1 UMa a period of P = 2.12 yr with a FAP 0.05 and a power significantly higher than the noise level was detected. In the case of EK Dra, the detected 9.2-yr cycle is clearly superimposed on a longer term trend. However, this long-term trend may be a segment of cycle with a period much longer than the time extension of the available photometry (in this case longer than 30 years) and Gaidos et al. (2000) ; (c) Villanova photometry. Gaidos et al. (2000) . .
not yet resolved by the time series. The cycle period determinations have an uncertainty due to the finite length of the time series. However, the active region growth and decay (ARGD) may be an additional source of indetermination as shown by e.g. Donahue et al. (1996) . In the following paper of this series concerning the surface differential rotation detected in the program stars, the results of the pooled variance analysis (Dobson et al. 1990 ) will be presented, which show that the ARGD develops on a time scale well distincted from the starspot cycles length. Strassmeier et al. (1997 Strassmeier et al. ( , 1999 .
Discussion
Photospheric and chromospheric activity cycles
The magnetic activity cycles and the longer-term trends that were found for our six targets are the first determined from photometric data. All the previous detections of variations in the long-term activity were based on the Ca II H&K fluxes, since our program stars are being observed at Mt. Wilson Observatory as part of the HK project (Baliunas et al. 1995) .
The results we obtained from photometric data partly differ from those based on the Ca II H&K fluxes. In the following the results based on the two above mentioned different activity diagnostics are compared and the differences discussed for each program star.
BE Cet has an average chromospheric cycle of P CaII = 9.1 ± 0.3 yr which is graded with a fair false alarm probability in the 10 −5 −10 −2 range. BE Cet also shows a longer-term trend. BE Cet has been also observed since 1984 within the photometric monitoring program carried out at the Lowell Observatory (Lockwood et al. 1997) . Radick et al. (1998) found that the short-and long-term brightness variations of BE Cet are correlated to the CaII HK emission short-and long-term variations, respectively, with high (p < 0.05) significance level.
EK Dra is reported by Baliunas et al. (1995) with variable but not cyclic Ca II H&K fluxes superimposed on a longer-term trend. It is also being observed at the Lowell Observatory and its short-and long-term photometric variations resulted to be highly correlated to the CaII HK emission variations.
Although to our knowledge the results of a period search in the photometric data collected at the Lowell Observatory has never been reported, however, the mentioned high degree correlations between photometric and HK emission variations would suggest that the same activity cycle found in the HK emission holds for the photometric data, that is, BE Cet is expected to show a starspot cycle of P = 9.1 yr and EK Dra to show no starspot cycle but a longer-term trend.
As reported in Table 1 we found for BE Cet a cycle of P cyc = 6.7 yr. It must be noted that the cycle period of BE Cet Continuous line is a sinusoidal fit to the data with a period P cyc = 9.2 ± 0.4 (yr) plus a linear long-term trend, which in the case of a cycle is expected to be longer than 30 years. Open diamonds have same the meaning as in Fig. 4 .
was detected by our periodogram analysis with a FAP (0.41) significantly higher as compared to the other stars. Moreover, this cycle period is supported by both the rotation period seasonal variations and by the pooled variance analysis. In Paper II of this series dedicated to the SDR, we will show that the photometric rotation period of BE Cet undergoes year-to-year cyclic changes with a 6.7-yr period and also the pooled variance profile has a maximum at about the same time scale.
In the case of EK Dra we found a primary cycle of P cyc 1 = 9.2 yr plus a longer-term trend (which may be a segment of a cycle longer than 30 yr if it is periodic).
The difference between the results we obtained and those which may be found from the analysis carried out by Radick et al. (1998) may arise mainly from the different extension and time location of the datasets. In fact, the periodogram results are sensitive to different time interval lengths and, moreover, the activity is not strictly periodic with possible small variations in amplitude and lengths from cycle to cycle. Finally, different observing approaches, more precisely, the constancy and frequency with which the targets have been monitored may contribute to get different results. The periodogram analyses presented in this paper are based on a larger number of observations and over a longer interval of time compared to the Lowell data set. We used 407 nights of observations over 13 years for BE Cet against 177 over 11 years at Lowell; we used 1262 nights of observations over 16 years for EK Dra against 244 over 11 years at Lowell. More importantly, the present analysis is based on a sequence of light curves which are well Continuous line is a sinusoidal fit to the data with a period P cyc = 5.5 ± 0.3 (yr). Open diamonds have the same meaning as in Fig. 4 . The vertical bars indicate the peak-to-peak light curves amplitudes taken from Blanco et al. (1972 Blanco et al. ( , 1979 and Reglero (1986) . covered in phase. This guarantees the determination of reliable seasonal mean magnitudes and, consequently, more accurate detection and estimates of possible cycles. Unfortunately, 8-10 observations per season, or even less in seasons with poor weather, were collected at the Lowell Observatory (see Lockwood et al. 1997) . The mean magnitudes computed from those data may differ from the star's actual mean brightness. In spite of the different results we found, we may expect that the correlation with the HK emission for BE Cet and EK Dra still exists but with a lower level of significance.
It must be noted that Dorren & Guinan (1994) first suggested the existence of a possible activity cycle of EK Dra of about 12 years from the 1982-1994 photometric dataset. The existence of such solar-like cycle, which was questioned by Saar & Brandenburg (1999) on the basis of the Radick et al.'s analisys (1998) , is now re-confirmed, even if this time it is estimated with a much more increased accuracy. k 1 Cet has an average chromospheric cycle length of P CaII = 5.6 ± 0.1 yr with a false alarm probability graded "fair" in the 10 −5 −10 −2 range and with a longer-term trend (Baliunas et al. 1995) . The photometric cycle we found is similar in length (P cyc = 5.9 yr) and FAP, but no evidence of longer-term trend was found. π 1 UMa is reported by Baliunas et al. (1995) to have variable CaII HK emission but with no definite periodicity. However, it must be noted that their periodogram analysis was based on a 7-yr time interval. On the contrary, on a longer time basis of 11 years we found two cycles (P cyc 1 = 13.1 yr, P cyc 2 = 2.12 yr) both with a fair confidence level.
HN Peg has a chromospheric cycle of P CaII = 6.2 ± 0.2 yr with a false alarm probability graded "poor" in the 10 −2 −10 −1 range and with a possible longer-term trend (Baliunas et al. 1995) . We found a cycle of P cyc = 5.48 yr with a good confidence level.
DX Leo has a chromospheric cycle of P CaII = 2.8 ± 0.1 yr with a false alarm probability graded "poor" in the 10 −2 −10 −1 range. However, even in this case the periodogram analysis was based on a relatively short time interval of 5 years. On the contrary, from a longer time base of 12 years we found a cycle of P cyc = 3.21 yr with a good confidence level. This cycle length updates the value reported in Messina et al. (1999) , whose analysis was carried out on a smaller database of 10 years and taking into consideration only the Villanova photometry.
The differences between the long-term behaviour (cyclic and/or long-term trend) as inferred from the photometric data or from the CaII HK emission fluxes depend, as mentioned, mainly on the different time extension and location of the dataset taken into consideration. However, intrinsic differences i.e. differences due to the different nature of the activity indicators: photospheric dark spots in the present analysis and chromospheric bright plages in the Baliunas et al. (1995) analysis can not be excluded.
If we consider for example the solar case, during Cycles 20-22 the Sun had a chromospheric cycle of P CaII = 10.0±0.1 yr (Baliunas et al. 1995) , which slightly differed from its starspots cycle of P cyc = 10.5±0.1 yr. The sunspot cycle was determined by us using the Royal Greenwich Observatory data archive.
Moreover, the existence of a range in the correlation degree between the photometric brightness and HK emission variations found by Radick et al. (1998) goes into the same direction, that is of a not strict time correspondence of the activity levels at different atmospheric layers.
Correlations with stellar parameters
The relationships between the frequency ω cyc of magnetic activity cycle, the rotational frequency Ω and other global stellar properties have been explored for large samples of stars including dwarfs, evolved stars, active binaries and the results have been presented in several papers (e.g. see Ossendrijver 1997; Brandenburg et al. 1998; Saar & Brandenburg 1999; Lanza & Rodonò 1999; Oláh et al. 2000) . In the following we refer to the empirical relations found by Saar & Brandenburg (1999) which are derived from the most complete star sample to date. The cycles on which these studies are based are derived from CaII HK fluxes, photometry, and orbital period changes. In a ω cyc /Ω -R −1 0 diagram (where R 0 is the Rossby number) stars tend to concentrate along three branches with different slopes. In Fig. 1 we plot the three branches as computed by Saar & Brandenburg (1999) (cf. their Fig. 5 ). More active stars tend to lie on the lower branch ("active"), while less active stars in the upper ("inactive"). A few stars have double cycles falling on both branches. The most active stars populate a third branch with opposite slope ("super-active"). Moreover, a possible transition zone between the super-active and active branches may exist.
In Fig. 1 we plot our new estimates of cycle lengths from the photometry. To compute the inverse Rossby number (R −1 0 ) we used the revised convective turnover time (τ c ) derived by Saar (1998) . Beside the Sun, two other single main-sequence stars exist to our knowledge with magnetic activity cycles estimated exclusively from photometric data which are not included in The Sun in time project: LQ Hya, a single K2V star with a rotation period of P rot = 1.61 d and multiple starspot cycles P cyc 1 = 6.75 yr, P cyc 2 = 11.40 yr and P cyc 3 = 2.8 yr (Oláh et al. 2000) and AB Dor, a single K0V star with a rotation period of P rot = 0.541 d and a primary starspots cycle P cyc1 = 18.30 yr and a secondary cycle P cyc2 = 5.9 yr (Messina et al. in progress) . These stars have been added to our sample for the following analysis. It must be pointed out that our final sample contains only single main-sequence stars, while the branches are computed from an expanded sample containing also binaries and out of main-sequence stars.
All the cycle lengths, except for EK Dra, fit well the empirical relations with global stellar parameters derived from larger stellar samples. While the fastest rotating stars (AB Dor and LQ Hya) fall in the super-active branch and in the transition zone, respectively, the slower rotating stars are all on the active branch. The only exception is represented by EK Dra. Its primary cycle of P = 9.2 yr appears where apparently no cycle is expected from the empirical relation, while its longer-term trend, if segment of a cycle longer than 30 years, may fall in the extension of the super-active branch. Also the secondary period of AB Dor apparently lies above the "super-active" branch.
In Fig. 2 we investigate on the dependence of the activity cycle over the rotational frequency vs. age. Although only nine stars are included in our sample, it appears that the range in the primary cycle length converges in time from a maximum dispersion at the Pleiades age (0.13 Gyr) towards the 11-yr solar cycle at an age of 4.6 Gyr.
The cycle amplitude
The correlations between the amplitude of the overall V-band variability and the global stellar parameters have been also investigated. The highest degree of correlation is found with the inverse Rossby number as shown in Fig. 3 . The overall V-band variability amplitude at any given epoch arises primarily from the contribution from spotted regions evenly and unevenly distributed in longitude (the last being responsible for the light curve amplitude). In Fig. 3 we considered the difference (∆V) between the observed brightest and faintest magnitudes as measure of the capability of the stars to produce the largest spotted magnetic regions (the maximum total spotted area).
The maximum light amplitude of such long-term overall variability should be considered, at any rate, as a lower limit since the observed brightest magnitude may not correspond to the actual unspotted magnitude (Neff et al. 1995) . For example, the presence of uniformly distributed spotted regions at Messina et al. 2001) . The existence of such high degree correlation between the maximum amplitude of the long-term variability and the inverse Rossby number indicates that the stellar rotation controls both the short-term (as already known, see e.g. Messina et al. (2001) and long-term areal coverage of starspots. In Messina et al. (2001) it is shown that the increase in the light curve peak-to-peak amplitude with rotation rate levels off at the fastest rotation rates, which may be interpreted as the evidence for saturation in the starspot coverage. It is interesting to note from the cubic fit to the data shown in Fig. 3 that also the overall variability (uniformly + unevenly distributed spotted areas) levels off at high rotation rates, which are represented in the present analysis by LQ Hya and AB Dor. Such behaviour may suggest a nearly total filling of the photosphere by spotted regions during the cycle activity maximum in the fastest rotators. If this is the case, the resulting scenario is certainly different from the dynamo wave which migrates in latitude over the activity cycle but produces spots that cover only a small fraction of the photosphere even at the activity maximum as observed in the Sun.
Another relevant result, which will be better addressed in a later paper, is that due to the almost completely (and therefore uniform) filling of the photosphere by spotted regions, low amplitude light curves are expected to be observed around the activity maximum, which is clearly not the case at least from this study (see Fig. 4 to Fig. 9.) In the cited relations EK Dra plays again a peculiar role. If we consider the amplitude of the 9.2-yr cycle (filled circle in Fig. 3) , it fits quite well the ∆V − R −1 0 relation. However, when the amplitude of the longer-term trend is also included (asterisk in Fig. 3 ) it lies significantly above the curve. If the long-term trend is not a segment of an unresolved longer cycle, we may think that stellar rotation controls only the amplitude of the cycles and it is not apparently related to the trends. If EK Dra turns out to have multiple starspot cycles, its behaviour is clearly unusual.
Conclusions
The ground-based observations carried out as part of The Sun in Time project have now become sufficiently extended in time to enable the study of the photospheric magnetic activity on time scales comparable to the 11-yr solar cycle. From the analysis discussed here some remarkable results can be inferred:
-The existence of solar-like starspot cycles has been firmly established for six young solar analogues. The presence of multiperiodic cycles as well as of long-term trends have been also detected.
-Some differences are found with respect to the results based on long-term CaII H&K emission fluxes measurements, which can be likely attributed to both differences in time location and length of the datasets, but also from the intrinsic properties of the activity tracers used, that is dark photospheric spots and bright chromospheric plages.
-The dependence of the activity cycle length over rotation frequency on the inverse Rossby number agrees with those found for larger samples containing also binary and postmain-sequence stars. Only EK Dra seems to be unusual lying its cycle length above the cited relations; -The range in the cycle period observed among the Pleiadesage stars of the sample seems to converge in time similar in length to the 11-yr solar cycle.
-The overall photometric variability appears highly correlated with the inverse Rossby number, suggesting that the stellar rotation controls the level of magnetic activity in photosphere even over the longest time scales. The levelling-off (see Fig. 3 ) observed at the highest rotation rates may be interpreted as arising from a stellar photosphere nearly covered by spots during the maximum of activity. This is a different scenario from the migrating wave observed in the solar case. However, such an interpretation may be in contradiction with the level of asymmetry of the spotted regions as inferred from the large amplitude of the light curves around the maximum of activity.
